Abstract: An antimicrobial material with a slow release property was developed 14 based on poly(lactic acid)/starch/chitosan blends, in which chitosan acted as an 15 antimicrobial agent while PLA and starch together were used as a slow-releasing 16 device. An increase in the starch content drastically improved the hydrophilicity of the 17 blends, which was favorable for the diffusion of the embedded chitosan. Moreover, 
Introduction

29
Over the last two decades, there has been a considerably growing interest in can be used to control the microbiological decay of perishable food products, to 37 maintain the food quality, and to extend the shelf-life of foods. However, although 38 some materials can exhibit an excellent antimicrobial property, their activity cannot 39 last for a long time because their antimicrobial agents are always consumed easily by 40 microorganisms, the environment, and even the food components. Therefore, the 41 development in food antimicrobial packaging expects them to have both effectiveness delivery vehicle for efficient migration of the agent(s) from the packaging matrix to 48 the surface of the product at a specific slow rate over a prolonged period. In this case, 49 the concentration(s) of the agent(s) can be maintained where they are needed, and the 50 activity can also be extended. Among the above polymer matrices, PLA has the most attractive prospect as it is 61 derived from agricultural crops, and is biodegradable, renewable, and environmental- There are lots of publications on PLA-based packaging and drug delivery systems, 65 and the release mechanism of PLA matrix is mostly based on its degradation (Liu et   66 al., 2007). Namely, with the gradual degradation of PLA molecules into water and 67 CO 2 , the matrix become loose and the embedded drugs can then be released. 68 However, the application of PLA matrix as the antimicrobial carrier for food 69 packaging is rare. This is because, while most food components are hydrophilic, the 70 hydrophobicity of PLA makes it unfavorable for the migration of hydrophilic 71 antimicrobial agents, and thus a prominent antimicrobial activity cannot be expected To the best of our knowledge, the application of the PLA/starch blend as an 98 antimicrobial matrix has not been reported before. In fact, since starch is a hydrophilic 99 polymer, just as pectin (Yu et al., 2011) , the introduction of it into PLA can change the 100 hydrophobicity of PLA, which is favorable for the release of hydrophilic agents. 101 Therefore, it is interesting to understand the release property of antimicrobial films 102 based on the PLA/starch blends.
103
Chitosan is a nontoxic, biodegradable, biocompatible, and antimicrobial material, 104 and can be used both as a matrix or an additive for packaging (Dutta, Tripathi, At last, the mechanical and thermal properties were also determined. means that the soaking rate of water became faster with a higher starch content.
249
The results of DCAs show that, with the introduction of starch, the hydrophilic 250 property of blends was improved distinctly and water could immerse into the blends. 
Release Behavior
276
The percentage of release of chitosan from the blends could be seen in Fig. 3 Moreover, since chitosan was used as the antimicrobial agent in the blends, its 295 release behavior could be used to forecast the antimicrobial behavior of the blends.
296
Namely, in the initial fast stage, the chitosan could diffuse out quickly with the 297 effectiveness in the antimicrobial ability. In the slow stage, chitosan could diffuse out 298 slowly but durably and thus its antimicrobial activity could be kept for a long period.
299
Therefore, the antimicrobial property of the blends could be both effective and 300 durable. The effectiveness of antimicrobial activity was evaluated using the agar diffusion 305 method (Fig. 4) . The E. coli and S. aureus, which are the common putrefying bacteria A c c e p t e d M a n u s c r i p t 15 for fresh meat, were used as the indicator bacteria. In Fig. 4 , all the central film in the 307 agar media was the control sample. Namely, in Fig. 4a and Fig. 4b , the central film 308 was the pure PLA film (S-0), and, in Fig. 4c and Fig. 4d , it was the sample S-40. The A c c e p t e d M a n u s c r i p t PLA and starch blended matrix can be acted as a slow-releasing device.
531
The release of chitosan occurred in initial fast stage and slow durable stage.
532
The antimicrobial property of blends was both effective and durable.
533
The tensile and thermal properties supported blends' actual application.
A c c e p t e d M a n u s c r i p t 26 Fig. 1 The dynamic contact angles of PLA/starch blend materials 
